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Chapter 1 – Introduction 
1.1 The Thyroid and Parathyroid Glands – Anatomy and 
Physiology 
                                                                                
                                                                             
                                                                                  
                                                                         
                                                                                 
                                                                     
                                                    
1.1.1 The Thyroid Gland 
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Figure 1.1 - Normal location of the thyroid gland 
Diagrammatic view of the typical size, shape and position of the thyroid gland in the neck. 
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Figure 1.2 - Structure of the thyroid gland 
Magnified diagrammatic view of the thyroid gland showing follicle cells surrounding the 
follicular cavities, within which thyroid hormones are synthesised and stored. 
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Figure 1.3 - Some potential ectopic locations for thyroid tissue 
Thyroid tissue can be present throughout the neck and upper mediastinum. 
                                                                                
                                                                    
1.1.2 The Parathyroid Glands 
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Figure 1.4 - Typical location of the parathyroid glands 
Posterior view of the thyroid gland showing the normal positions of the four parathyroid 
glands – superior and inferior relative to each of the thyroid lobes. 
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Figure 1.5 - Normal and ectopic locations of parathyroid glands 
Typical locations of ectopic parathyroid glands in the sub-lingual region, around the thymus 
and retrosternally in the mediastinum. 
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1.3.1 Thyroid Imaging 
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1.5 SPECT of the Thyroid and Parathyroid Glands 
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Chapter 2 – Design, Construction and Use of a 
Dedicated Thyroid and Parathyroid Phantom 
2.1 Introduction 
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2.2 Materials and Methods 
2.2.1 Design and Construction of a Thyroid/Parathyroid Phantom 
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Figure 2.1 - Dimensions of thyroid for phantom inserts 
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Figure 2.2 - Specification for phantom thyroid insert 
 
                                                                                
                                                                              
                                                                             
                                                                             
                                                                              
                                                                             
                                                                                 
                                                                            
                                                                                 
                                                                               
                                                                         
                                                                              
 
Figure 2.3 - Specification for phantom parathyroid insert 
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Figure 2.4 - Photographs of completed phantom 
Photographs showing the phantom with the thyroid insert in place and the parathyroid 
insert alongside. 
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Chamber  Volume (ml)  Chamber  Volume (ml) 
                             
                                        
                                        
                                        
                        
                                              
Table 2.1 - Volume of each chamber within the two phantom inserts 
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2.2.2 Image Acquisitions using the Phantom 
                                                                              
                                                                                 
                                                                            
                                                                               
                                                                                 
                                                                                 
                                                                              
                                                                               
                                           
2.2.2.1  Thyroid Insert Planar Acquisitions 
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Figure 2.5 - Geometry of the pinhole collimator of a gamma camera 
Diagram showing the position on the gamma camera detector of counts originating from 
three identical points with the pinhole collimator (a) centred over the thyroid and (b) centred 
over the sternal notch.  In the projected images, distance AB is approximately equal but the 
distance BC is shorter in the first image, demonstrating the significant effect of acquisition 
geometry on the final image when using a pinhole collimator. 
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Figure 2.6 - Planar images of phantom with thyroid insert acquired using a pinhole 
collimator 
Image on left was acquired for 60s and image on right was acquired to a total of 200,000 
counts. 
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Figure 2.7 - Planar images of phantom with thyroid insert acquired using parallel hole LEHR 
collimator 
Image on left was acquired for 60s, image in centre was acquired to a total of 200,000 
counts and the image on the right was acquired to a total of 200,000 counts with an applied 
software zoom factor of 1.33. 
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Figure 2.8 - Example planar patient thyroid studies 
Images of two patients with a normal thyroid acquired with a pinhole collimator (top) and 
multinodular gland acquired with a parallel hole LEHR collimator (bottom).  Left hand 
images are 60s acquisitions and right hand views are to 200,000 total counts. 
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Figure 2.9 - Spectrum of dual-isotope 
99mTc/
123I acquisition showing offset energy windows 
Spectrum captured from a gamma camera showing the overlapping photopeaks of the 
99mTc 
(left) and 
123I (right).  The acquisition energy windows are shown as red box A (
99mTc) and 
blue box B (
123I), respectively. 
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Figure 2.10 - Planar images of phantom with parathyroid insert acquired using a pinhole 
collimator 
Image on left is of 
99mTc distribution, image in centre is 
123I distribution and image on right is 
subtraction. 
 
Figure 2.11 - Planar images of phantom with parathyroid insert acquired using a parallel 
hole LEHR collimator 
Image on left is of 
99mTc distribution, image in centre is 
123I distribution and image on right is 
subtraction. 
                                                                               
                                                                       
                                                             
                                                                                
                                                                         
                                                                                  
                                                                           
                                                                                   
                                                                             Chapter 2    53 
                                                                              
                                                                              
                                                                             
                                         
 
Figure 2.12 - Example planar patient parathyroid studies 
Top row shows negative study, bottom row shows study positive for parathyroid adenoma 
at right lower pole.  Left hand images are 
99mTc-Sestamibi distribution, centre images are 
123I-iodide distribution and right hand views are subtraction images. 
2.2.2.3  Thyroid Insert SPECT Acquisitions 
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Figure 2.13 - Reconstructed SPECT images of thyroid phantom insert 
Top line shows transverse slices, middle line is coronal slices and bottom line is sagittal 
slices through the phantom. 
2.2.2.4  Parathyroid Insert SPECT Acquisitions 
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Figure 2.14 - Reconstructed SPECT images of parathyroid phantom insert 
Left hand images are 
99mTc distribution and right are co-registered 
123I images.  Within each 
image set, top row is transverse, middle row is coronal and bottom row is sagittal slices. 
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Figure 2.15 - Subtraction SPECT images of parathyroid phantom insert 
Subtracted images of same data set shown in Figure 2.14, showing residual activity in areas 
of parathyroid chambers.  Top row is transverse, middle row is coronal and bottom row is 
sagittal slices. 
2.3 Discussion and Conclusions 
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Chapter 3 – Parathyroid Study – Introduction 
3.1 Parathyroid Imaging at Glasgow Royal Infirmary 
3.1.1 Referrals 
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3.1.2.1  Injection and Imaging Procedure 
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3.1.2.2  Energy Windows and Image Processing 
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Figure 3.1 - Dual-isotope 
99mTc/
123I acquisition spectrum showing overlapping photopeaks 
and standard 
99mTc energy window 
Energy spectrum acquired using a gamma camera showing the overlapping 
99mTc (left) and 
123I (right) photopeaks.  The standard acquisition energy window for 
99mTc, centred on 
140keV, is shown as the red box A, which contains some of the 
123I photopeak. 
 
Figure 3.2 - Spectrum of dual-isotope 
99mTc/
123I acquisition showing offset energy windows 
Spectrum captured from a gamma camera showing the overlapping photopeaks of the 
99mTc 
(left) and 
123I (right).  The acquisition energy windows are shown as red box A (
99mTc) and 
blue box B (
123I), respectively. 
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3.1.3 SPECT Imaging of the Parathyroid Glands 
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Figure 3.3 - Example of typical planar parathyroid images from GRI 
The top row shows the early neck area images (15 minutes post-injection of Sestamibi) and 
the bottom row shows the late images (2 hours post-Sestamibi).  The left-hand images are 
of 
99mTc-Sestamibi distribution, in the middle are the 
123I-iodide images and the subtraction 
is shown on the right. 
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Chapter 4 – Parathyroid Study – Materials and 
Methods 
4.1 Study Participants 
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4.3 SPECT Acquisition 
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4.4 SPECT Image Reconstruction 
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4.5 SPECT Subtraction 
                                                                            
                                                                      
                                                                          
                                                                                
                                                                              
                                                                               
    
                                                                        
           
                                                                   
         
                
                                                           
 
Figure 4.1 - Parathyroid SPECT image data in "Multimodality" display program 
Example of patient image data showing a single transverse SPECT slice with 
99mTc-
Sestamibi image on the left, the 
123I-iodide on the right and the hand-drawn thyroid ROI in 
red.  The ROI was defined using the 
123I image.  The images are inherently co-registered due 
to the dual-isotope acquisition. 
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Figure 4.2 - Resultant subtraction image from "Multimodality" program 
Images show the original 
99mTc-Sestamibi SPECT data on the left and the co-registered 
subtraction image on the right.  An area of residual activity posterior to the left lobe of 
thyroid can be seen on the subtraction image. 
4.6 Observer Image Reviews 
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                                                                                  Chapter 4    74 
                                                                           
                                                                                 
                                   
                                                                               
                                                                             
                                                                               
                                                                          
                                                                            
                                                                          
                                                                                 
                                                                                 
         
                                                                            
                                                                               
                                                                           
                                                                         
                                                                            
                                     
                                                                                  
                                                                                
                                                                          
                                                                                   
                                                                                  
                                                                               
                                                                            
                                                                            
                                                                                
                                                                                
                                                                                 
                                                                               
                                                                          
                                                                         
                                                                              Chapter 4    75 
                                                                            
                                                           
                                                                          
                                                                                  
                                                                               
                                                                                 
                                                                              
                                                                        
                                                                                
                                                                                  
                                                                                   
                                                                               
                                                                                  
                  et al.                                           
% 100 ×
+
=
FN TP
TP
y Sensitivit  
Equation 4.2 
 
                                                                              
                                                      
% 100 ×
+
=
FP TN
TN
y Specificit  
Equation 4.3 
 
                                                                              
                                                                                 
                                                                          
                                                                                       
                     Chapter 4    76 
                                                                                  
                                                                           
                                                                        
                                                                                
                                                                                
                                                                               
                 77 
Chapter 5 – Parathyroid Study – Results of 
Observer Study 
5.1 Patient Demographics 
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Figure 5.1 - Distribution of administered activities 
Column chart showing the administered activity in MBq of 
99mTc-Sestamibi (blue) and 
123I-
iodide (brown) for each of the 32 study participants 
                                                                             
                      
                                                          
                                                                                 
                                                             
  Administered Activity (MBq) 
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99mTc-Sestamibi                           
123I-iodide                      
Table 5.1 - Administered activities of radiopharmaceutical 
Intended, mean, maximum and minimum administered activities of 
99mTc-Sestamibi and 
123I-
iodide for the 32 study participants Chapter 5    79 
5.3 SPECT Reconstruction 
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Figure 5.2 - Unfiltered reconstructed parathyroid SPECT images 
Example of reconstructed patient parathyroid images without post-reconstruction filter 
applied.  On the left are the 
99mTc-Sestamibi images and on the right are the co-registered 
123I-iodide images.  On each, the top row is transverse slices, the middle row is coronal 
slices and the bottom row is sagittal slices. 
                                                                             
                                                                                     
                                                                           
           
 
Figure 5.3 - Overly smoothed parathyroid SPECT images 
Example of patient parathyroid SPECT data that has been excessively smoothed by the post 
reconstruction filter.  Figure shows the same slices in the same layout as in Figure 5.2. Chapter 5    81 
                                                                                  
                                                                                
                                                                      
                                                                              
                                                                                
                                                                     
                                                                               
                                                                         
                                                                                 
                                                                          
                                                                                
                                                                           
                                                                                
                                                                              
                                                                    
                                                                                 
                                                                                 
                                                                         
          
 
Figure 5.4 - Overly sharp parathyroid SPECT images 
Example of patient parathyroid SPECT data that remains too sharp after the application of 
the post-reconstruction filter.  Figure shows the same slices in the same layout as in Figure 
5.2. 
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Figure 5.5 - Parathyroid images acceptably filtered 
Example of patient parathyroid SPECT data that has been filtered to give the best 
compromise between smoothing and excessive image noise.  Figure shows the same slices 
in the same layout as in Figure 5.2. 
                                                                             
                                                                             
                                                                                 
                                                   
 
Figure 5.6 - Subtraction SPECT images 
Example of patient parathyroid subtraction SPECT images with area of residual activity 
seen posterior to the left lobe of thyroid, indicating the presence of a parathyroid adenoma.  
The same slices are shown in the same layout as in Figure 5.2. Chapter 5    83 
5.4 Observer Study Results 
5.4.1 General Comments 
                                                                                  
                                                                                   
                                                                         
                                                                       
                                              
                                                                               
                                                                           
                                                                         
                                                                                 
                                                                               
                                                                           
                                                                               
                                                                            
                                                                              
                                                                              
                                                                              
                                                                           
                                   
                                                                                  
                                        
                                  
                                                                            
                                                                              
                                                                           
                                                                                 
                                 
                                                 
                                
                                                                               
                                                                             Chapter 5    84 
                                                                           
                                                                                  
                                                                            
                                                                          
                                                                         
                                                                                 
                                                                                
                                                                                
                                                  
                                                                                
                                                                             
                                                                         
                                                                                  
                                                 
5.4.2 Phase 1 – Planar Images 
5.4.2.1  Lesions Seen 
                                                                           
                                                                               
                                                                            
                                                                                 
                                                                       
                                                                                
                                                                                
                                                                
5.4.2.2  Image Quality and Usefulness Scores 
                                              
                            
     
                                                                              
                                                                             
                                                                             
                                                                                 Chapter 5    85 
                                                                                  
                                                                                  
                                           
                                                                                
                                                                                  
                                                                                 
                                
                               
                
                                                                              
       
                                                                       
                     
                                                          
                                                                                 
                                                                                
                          
Observer 
99mTc-Sestamibi 
123I-Iodide  Subtraction  Usefulness of 
Subtraction 
                      
                      
                      
                      
                      
                            
Table 5.2 - Image quality scoring for planar images in observer study phase 1 
Average image quality scores given by each observer and for all observers together on a 
scale of 1 (poor) to 5 (excellent). 
                                                                                 
                                                                                  
                                                       
5.4.3 Phase 2 – SPECT Images 
5.4.3.1  Lesions Seen 
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Table 5.3 - Image quality scoring for SPECT images in observer study phase 2 
Average image quality scores given by each observer and for all observers together on a 
scale of 1 (poor) to 5 (excellent). Chapter 5    87 
                                                                                 
                                                                              
                              
5.4.4 Phase 3 – 
99mTc-Sestamibi Planar and SPECT Images 
5.4.4.1  Lesions Seen 
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Table 5.4 – Image quality scoring for 
99mTc-Sestamibi images in observer study phase 3 
Average image quality scores given by each observer and for all observers together on a 
scale of 1 (poor) to 5 (excellent). 
                                                                            
                                                                                  
               
5.4.5 Phase 4 – All Planar and SPECT Images 
5.4.5.1  Lesions Seen 
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5.4.5.2  Image Quality and Usefulness Scores 
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Table 5.5 - Image quality scoring for all planar and SPECT images in observer study phase 4 
Average image quality scores given by each observer and for all observers together on a 
scale of 1 (poor) to 5 (excellent). 
5.4.6 Summary of Lesions Seen 
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Figure 5.7 - Bar chart of number of lesions seen 
Bar chart showing the total number of lesions seen by the 5 observers on each phase of the 
observer study as well as the numbers given in each category of confidence. 
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Figure 5.8 - Bar chart of lesions seen by each observer 
Bar chart showing the number of lesions seen by each of the 5 observers individually on 
each of the 4 phases of the observer study Chapter 5    91 
                                                                           
                                                                                 
                                                                       
                                                                                  
                                                                               
                                                                          
                                                                  
5.5 Comparisons of Results of Observer Study 
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5.5.1 Phase 2 versus Phase 1 Reviews 
5.5.1.1  Number of Lesions Seen 
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Observer  S > P  S < P  S = P  Total 
                
                 
                 
                 
                 
                      
Table 5.6 - Comparison of number of lesions seen in phase 1 (planar only) and phase 2 
(SPECT only) 
S>P = number of times more lesions were seen on SPECT than planar, S<P = number of 
times fewer lesions were seen on SPECT than on planar, S=P = number of times same 
number of lesions were seen on SPECT as on planar. 
                                                                             
                                                                                 
                                                                                 
                                                                                   
                                                                                       
                                                                                
                                                                                    
Observer  p-value  Estimated median  95% CI 
                          
                          
                          
                          
                           
                                 
Table 5.7 - Results from Wilcoxon Signed Ranks test on differences in number of lesions 
seen (phase 2 vs phase 1) 
Output from Minitab software applied to the differences in the number of lesions seen 
between the SPECT and planar images. 
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5.5.1.2  Confidence of Lesions Representing True Adenoma 
                                                                         
                                                                      
                                                                             
                                                                             
                                                                          
                                                                                
                                                                       
                                                                            
                                                                               
                                                                                      
                                                                            
                                                                       
Observer  No. More (%)  No. Same (%)  No. Less (%)  Total 
                                  
                                  
                                  
                                   
                                    
                                            
Table 5.8 - Results from comparison of confidence levels expressed (phase 2 vs phase 1) 
Number of comparisons between expressed confidence levels that showed observers as 
more, same or less confident looking at the SPECT images as compared to the planar.  
Percentages of the total in each category for each observer and overall are given in 
brackets. 
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Observer  p-value  Estimated median  95% CI 
                          
                          
                           
                          
                          
                                 
Table 5.9 - Results from Wilcoxon Signed Ranks test on differences in expressed 
confidence level (phase 2 vs phase 1) 
Output from Minitab software applied to the comparison of confidence level expressed by 
the observers between the SPECT and planar images. 
5.5.1.3  Location of Observed Lesions 
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Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                   
Table 5.10 - Results of comparison in left/right location between lesions seen on SPECT and 
planar images 
Number and percentage of lesions seen in the same and different left/right location for each 
observer and for the combined for all observers. 
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                   
Table 5.11 - Results of comparison in upper/lower location between lesions seen on SPECT 
and planar images 
Number and percentage of lesions seen in the same and different upper/lower location for 
each observer and for the combined for all observers. 
                                                                               
                                                                           
                                                                                
                                                                                
                                                                                 
                                                                              
                                  
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                  
Table 5.12 - Results of combined left/right and upper/lower location comparisons between 
lesions seen on SPECT and planar images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. Chapter 5    97 
5.5.2 Phase 3 versus Phase 1 Reviews 
5.5.2.1  Number of Lesions Seen 
                                                                            
                                                                             
                                                                            
                                                                               
                                                                             
                                   
Observer  M > P  M < P  M = P  Total 
                 
                
                
                 
                 
                       
Table 5.13 - Comparison of number of lesions seen in phase 1 (planar only) and phase 3 
(Sestamibi only) 
M>P = number of times more lesions were seen on Sestamibi (MIBI) than planar, M<P = 
number of times fewer lesions were seen on Sestamibi than on planar, M=P = number of 
times same number of lesions were seen on Sestamibi as on planar. 
                                                                               
                                                                              
      
Observer  p-value  Estimated median  95% CI 
                          
                           
                          
                          
                          
                                
Table 5.14 - Results from Wilcoxon Signed Ranks test on differences in number of lesions 
seen (phase 3 vs phase 1) 
Output from Minitab software applied to the differences in the number of lesions seen 
between the Sestamibi only and planar images. 
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5.5.2.2  Confidence of Lesions Representing True Adenoma 
                                                                          
                                                                                 
                                                                                
                                                                           
                                                                          
                                                                              
Observer  No. More (%)  No. Same (%)  No. Less (%)  Total 
                                    
                                  
                                    
                                   
                                    
                                           
Table 5.15 - Results from comparison of confidence levels expressed (phase 3 vs phase 1) 
Number of comparisons between expressed confidence levels that showed observers as 
more, same or less confident looking at the Sestamibi only images as compared to the 
planar.  Percentages of the total in each category for each observer and overall are given in 
brackets. 
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Observer  p-value  Estimated median  95% CI 
                           
                           
                           
                          
                          
                                
Table 5.16 - Results from Wilcoxon Signed Ranks test on differences in expressed 
confidence level (phase 3 vs phase 1) 
Output from Minitab software applied to the comparison of confidence level expressed by 
the observers between the Sestamibi and planar images. 
5.5.2.3  Location of Observed Lesions 
                                                                          
                                                                                  
                                                                                  
                            
                                                                                   
                                                                                  
                                                                                   
                                                                            
                                                                     
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                  
Table 5.17 - Results of comparison in left/right location between lesions seen on Sestamibi 
only and planar images 
Number and percentage of lesions seen in the same and different left/right location for each 
observer and for the combined for all observers. 
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Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                 
Table 5.18 - Results of comparison in upper/lower location between lesions seen on 
Sestamibi only and planar images 
Number and percentage of lesions seen in the same and different upper/lower location for 
each observer and for the combined for all observers. 
                                                                              
                                                                              
                                                                                
                                                                            
                                                                          
                                                                                 
                                                                             
                    
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                  
Table 5.19 - Results of combined left/right and upper/lower location comparisons between 
lesions seen on Sestamibi only and planar images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
5.5.3 Phase 4 versus Phase 1 Reviews 
5.5.3.1  Number of Lesions Seen 
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Observer  A > P  A < P  A = P  Total 
                 
                
                
                 
                 
                      
Table 5.20 - Comparison of number of lesions seen in phase 1 (planar only) and phase 4 (all 
images) 
A>P = number of times more lesions were seen on review of all images than planar, A<P = 
number of times fewer lesions were seen on all images than on planar, A=P = number of 
times same number of lesions were seen on all images as on planar. 
                                                                                   
                                                                        
                                                                            
                                                                           
                                                                                 
                                                                              
                                              
Observer  p-value  Estimated median  95% CI 
                          
                          
                          
                           
                          
                                 
Table 5.21 - Results from Wilcoxon Signed Ranks test on differences in number of lesions 
seen (phase 4 vs phase 1) 
Output from Minitab software applied to the differences in the number of lesions seen 
between all images and planar views. 
5.5.3.2  Confidence of Lesions Representing True Adenoma 
                                                                            
                                                                                 
                                                                             Chapter 5    102 
                                                                               
                                                                                  
                                                                                
                                                                                
                             
Observer  No. More (%)  No. Same (%)  No. Less (%)  Total 
                                  
                                  
                                  
                                  
                                   
                                          
Table 5.22 - Results from comparison of confidence levels expressed (phase 4 vs phase 1) 
Number of comparisons between expressed confidence levels that showed observers as 
more, same or less confident looking at all the images as compared to the planar.  
Percentages of the total in each category for each observer and overall are given in 
brackets. 
                                                                             
                                                                               
                                                                               
                                                                                    
                                                                             
                                                                        
                                         
Observer  p-value  Estimated median  95% CI 
                          
                          
                          
                           
                          
                                 
Table 5.23 - Results from Wilcoxon Signed Ranks test on differences in expressed 
confidence level (phase 4 vs phase 1) 
Output from Minitab software applied to the comparison of confidence level expressed by 
the observers between all images and planar images. 
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5.5.3.3  Location of Observed Lesions 
                                                                             
                                                                             
                            
                                                                                  
                                                                                  
                                                                                 
                                                                                
                                                                                
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                  
Table 5.24 - Results of comparison in left/right location between lesions seen on all images 
and planar only 
Number and percentage of lesions seen in the same and different left/right location for each 
observer and for the combined for all observers. 
                                                                               
                                                                                  
                                                                                
                                                                               
                            
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                  
Table 5.25 - Results of comparison in upper/lower location between lesions seen on all 
images and planar only 
Number and percentage of lesions seen in the same and different upper/lower location for 
each observer and for the combined for all observers. Chapter 5    104 
                                                                         
                                                                                
                                                                    
                                                                              
                                                                                  
                                               
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                   
Table 5.26 - Results of combined left/right and upper/lower location comparisons between 
lesions seen on all images and planar only 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
5.5.4 Phase 3 versus Phase 2 Reviews 
5.5.4.1  Number of Lesions Seen 
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Observer  M > S  M < S  M = S  Total 
                
                 
                 
                 
                
                       
Table 5.27 - Comparison of number of lesions seen in phase 2 (SPECT) and phase 3 
(Sestamibi only) 
M>S = number of times more lesions were seen on Sestamibi only images than on SPECT, 
M<S = number of times fewer lesions were seen on Sestamibi only than on SPECT, M=S = 
number of times same number of lesions were seen on Sestamibi only images as on 
SPECT. 
Observer  p-value  Estimated median  95% CI 
                           
                            
                            
                            
                              
                                    
Table 5.28 - Results from Wilcoxon Signed Ranks test on differences in number of lesions 
seen (phase 3 vs phase 2) 
Output from Minitab software applied to the differences in the number of lesions seen 
between Sestamibi only and SPECT images. 
5.5.4.2  Confidence of Lesions Representing True Adenoma 
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Observer  No. More (%)  No. Same (%)  No. Less (%)  Total 
                                  
                                   
                                  
                                   
                                    
                                            
Table 5.29 - Results from comparison of confidence levels expressed (phase 3 vs phase 2) 
Number of comparisons between expressed confidence levels that showed observers as 
more, same or less confident reviewing the Sestamibi only images as compared to the 
SPECT.  Percentages of the total in each category for each observer and overall are given in 
brackets. 
Observer  p-value  Estimated median  95% CI 
                             
                            
                             
                            
                            
                                    
Table 5.30 - Results from Wilcoxon Signed Ranks test on differences in expressed 
confidence level (phase 3 vs phase 2) 
Output from Minitab software applied to the comparison of confidence level expressed by 
the observers between Sestamibi only and SPECT images. 
                                                                                   
                                                                          
                                                                           
                                                                                 
       
5.5.4.3  Location of Observed Lesions 
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Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                   
Table 5.31 - Results of comparison in left/right location between lesions seen on Sestamibi 
only and SPECT images 
Number and percentage of lesions seen in the same and different left/right location for each 
observer and for the combined for all observers. 
                                                                              
                                                                               
                                                                                
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                   
Table 5.32 - Results of comparison in upper/lower location between lesions seen on 
Sestamibi only and SPECT images 
Number and percentage of lesions seen in the same and different upper/lower location for 
each observer and for the combined for all observers. 
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Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                  
Table 5.33 - Results of combined left/right and upper/lower location comparisons between 
lesions seen on Sestamibi only and SPECT images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
                                                                               
                                                                                  
                                                                              
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                   
Table 5.34 - Results of comparison in anterior/posterior location between lesions seen on 
Sestamibi only and SPECT images 
Number and percentage of lesions seen in the same and different anterior/posterior location 
for each observer and for the combined for all observers. 
                                                                             
                                                                                
                                                                           
                                                                             
                                                                               
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                         
                          
                                  
Table 5.35 - Results of combined left/right, upper/lower and anterior/posterior location 
comparisons between lesions seen on Sestamibi only and SPECT images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. Chapter 5    109 
                                                                                  
                                                                         
                                                                             
         
5.5.5 Phase 4 versus Phase 2 Reviews 
5.5.5.1  Number of Lesions Seen 
                                                                               
                                                                                
                                                                                 
                                                                              
                                                                           
                                                                                  
                                                                            
                           
Observer  A > S  A < S  A = S  Total 
                
                
                
                
                 
                       
Table 5.36 - Comparison of number of lesions seen in phase 2 (SPECT) and phase 4 (all 
images) 
A>S = number of times more lesions were seen on all images than on SPECT, A<S = number 
of times fewer lesions were seen on all images than on SPECT, A=S = number of times 
same number of lesions were seen on all images as on SPECT. 
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5.5.5.2  Confidence of Lesions Representing True Adenoma 
                                                                            
                                                                               
                                                                         
                                                                             
                                                                             
Observer  p-value  Estimated median  95% CI 
                          
                           
                           
                          
                             
                                
Table 5.37 - Results from Wilcoxon Signed Ranks test on differences in number of lesions 
seen (phase 4 vs phase 2) 
Output from Minitab software applied to the differences in the number of lesions seen 
between all images and SPECT only. 
                                                                          
                                                                              
                                                                            
                                                                            
Observer  No. More (%)  No. Same (%)  No. Less (%)  Total 
                                  
                                  
                                   
                                    
                                    
                                            
Table 5.38 - Results from comparison of confidence levels expressed (phase 4 vs phase 2) 
Number of comparisons between expressed confidence levels that showed observers as 
more, same or less confident reviewing all images together as compared to the SPECT.  
Percentages of the total in each category for each observer and overall are given in 
brackets. 
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Observer  p-value  Estimated median  95% CI 
                           
                           
                            
                          
                           
                                 
Table 5.39 - Results from Wilcoxon Signed Ranks test on differences in expressed 
confidence level (phase 4 vs phase 2) 
Output from Minitab software applied to the comparison of confidence level expressed by 
the observers between all images and SPECT alone. 
5.5.5.3  Location of Observed Lesions 
                                                                             
                                                             
                                                                                  
                                                                               
                                                                                 
                                                                            
                                         
Observer  No. Same (%)  No. Different (%)  Total 
                          
                         
                          
                          
                          
                                   
Table 5.40 - Results of comparison in left/right location between lesions seen on all images 
and SPECT only 
Number and percentage of lesions seen in the same and different left/right location for each 
observer and for the combined for all observers. Chapter 5    112 
                                                                          
                                                                               
                                                                                  
                   
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                   
Table 5.41 - Results of comparison in upper/lower location between lesions seen on all 
images and SPECT only 
Number and percentage of lesions seen in the same and different upper/lower location for 
each observer and for the combined for all observers. 
                                                                      
                                                                         
                                                                                 
                                                                                   
                                                                            
                                     
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                   
Table 5.42 - Results of combined left/right and upper/lower location comparisons between 
lesions seen on all images and SPECT only 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
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Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                   
Table 5.43 - Results of comparison in anterior/posterior location between lesions seen on all 
images and SPECT alone 
Number and percentage of lesions seen in the same and different anterior/posterior location 
for each observer and for the combined for all observers. 
                                                                                 
                                                                          
                                                                               
                                                                               
                                                                                
                                                                               
                                                                        
                         
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                   
Table 5.44 - Results of combined left/right, upper/lower and anterior/posterior location 
comparisons between lesions seen on all images and SPECT only 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
5.5.6 Phase 4 versus Phase 3 Reviews 
5.5.6.1  Number of Lesions Seen 
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Observer  A > M  A < M  A = M  Total 
                 
                 
                
                 
                
                       
Table 5.45 - Comparison of number of lesions seen in phase 3 (Sestamibi only) and phase 4 
(all images) 
A>M = number of times more lesions were seen on all images than on Sestamibi only, A<M 
= number of times fewer lesions were seen on all images than on Sestamibi only, A=M = 
number of times same number of lesions were seen on all images as on Sestamibi only. 
                                                                                
                                                                                  
                                                                         
                                                                                  
                                                                                
                                                                                
                                                        
Observer  p-value  Estimated median  95% CI 
                          
                          
                          
                          
                          
                                
Table 5.46 - Results from Wilcoxon Signed Ranks test on differences in number of lesions 
seen (phase 4 vs phase 3) 
Output from Minitab software applied to the differences in the number of lesions seen 
between all images and Sestamibi only. 
5.5.6.2  Confidence of Lesions Representing True Adenoma 
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Observer  No. More (%)  No. Same (%)  No. Less (%)  Total 
                                  
                                   
                                   
                                   
                                    
                                           
Table 5.47 - Results from comparison of confidence levels expressed (phase 4 vs phase 3) 
Number of comparisons between expressed confidence levels that showed observers as 
more, same or less confident reviewing all images together as compared to the Sestamibi 
only.  Percentages of the total in each category for each observer and overall are given in 
brackets. 
                                                                            
                                                                          
                                                                               
                                                                               
                                                               
Observer  p-value  Estimated median  95% CI 
                          
                          
                          
                          
                          
                                 
Table 5.48 - Results from Wilcoxon Signed Ranks test on differences in expressed 
confidence level (phase 4 vs phase 3) 
Output from Minitab software applied to the comparison of confidence level expressed by 
the observers between all images and Sestamibi only. 
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5.5.6.3  Location of Observed Lesions 
                                                                               
                                                                                   
                                                                             
                                                                       
                                                                              
           
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                  
Table 5.49 - Results of comparison in left/right location between lesions seen on all images 
and Sestamibi only 
Number and percentage of lesions seen in the same and different left/right location for each 
observer and for the combined for all observers. 
                                                                            
                                                                          
                                                                       
              
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                  
Table 5.50 - Results of comparison in upper/lower location between lesions seen on all 
images and Sestamibi only 
Number and percentage of lesions seen in the same and different upper/lower location for 
each observer and for the combined for all observers. 
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Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                  
Table 5.51 - Results of combined left/right and upper/lower location comparisons between 
lesions seen on all images and Sestamibi only 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
                                                                                
                                                                                 
                                                                               
          
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                          
                          
                                   
Table 5.52 - Results of comparison in anterior/posterior location between lesions seen on all 
images and Sestamibi alone 
Number and percentage of lesions seen in the same and different anterior/posterior location 
for each observer and for the combined for all observers. 
                                                                             
                                                                               
                                                                                  
Observer  No. Same (%)  No. Different (%)  Total 
                          
                          
                          
                         
                          
                                  
Table 5.53 - Results of combined left/right, upper/lower and anterior/posterior location 
comparisons between lesions seen on all images and Sestamibi only 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. Chapter 5    118 
                                                                             
                                                                                  
                                                                                 
                                                        
5.5.7 Summary of Comparison Results 
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Figure 5.9 - Bar chart of comparisons in number of lesions seen 
Frequency of “more”, “same” and “less” findings for comparison of number of lesions seen 
in each phase of the study.  2vs1 = lesions seen on phase 2 minus lesions seen on phase 1 
(similar for comparisons of other phases) 
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Figure 5.10 - Bar chart of comparisons in expressed confidence level 
Frequency of “more”, “same” and “less” findings for comparison of confidence level 
expressed in each phase of the study.  2vs1 = confidence expressed on phase 2 versus 
confidence expressed on phase 1 (similar for comparisons of other phases) Chapter 5    120 
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Figure 5.11 - Bar chart of comparisons in given left/right lesion location 
Frequency of “same” and “different” findings for comparison of given left/right location of 
each lesion in each phase of the study.  2vs1 = lesions seen on phase 2 versus lesions seen 
on phase 1 (similar for comparisons of other phases) Chapter 5    121 
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Figure 5.12 - Bar chart of comparisons in given overall lesion location 
Frequency of “same” and “different” findings for comparison of given overall location of 
each lesion in each phase of the study.  2vs1 = lesions seen on phase 2 versus lesions seen 
on phase 1 (similar for comparisons of other phases) Chapter 5    122 
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Chapter 6 – Parathyroid Study – Comparison of 
Observer Study with Surgical and US Findings 
6.1 Surgical and Ultrasound Results 
6.1.1 Participants Having Surgery and/or Ultrasound 
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Patient 
No. 
No. Lesions 
Resected 
Position  Histological 
Findings 
                                                       
                                                      
                                            
                                             
                                           
                                     
                                           
                                                      
                                                       
                                            
                                           
                                  
                           
            
                                   
                            
            
       
                              
                           
        
       
                                                       
                                                       
                                            
Table 6.1 - Surgical findings for patients undergoing parathyroidectomy 
Full list of results from surgery for all 17 patients who had surgery after nuclear medicine 
parathyroid imaging.  Position is given as either relative to the thyroid gland or ectopic. 
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Patient 
No. 
No. Lesions 
Seen on US 
Position  Positive/Negative 
                                            
                                            
                                            
                    
                                   
                                             
                                            
                     
                     
                                            
                                                      
                                            
                                                      
Table 6.2 - Ultrasound (US) findings for patients who had parathyroid surgery 
Full list of ultrasound results for the patients who had both ultrasound imaging and 
parathyroidectomy after nuclear medicine parathyroid imaging.  Position is given relative to 
the thyroid gland. 
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Patient 
No. 
No. Lesions 
Seen on US 
Position  Positive/Negative 
                                           
                                                       
                     
                                             
                     
                     
                     
                     
                     
                     
                                                      
                     
Table 6.3 - Ultrasound (US) findings for patients who did not have parathyroid surgery 
Full list of ultrasound results for the patients who had only ultrasound imaging but not 
parathyroidectomy after nuclear medicine parathyroid imaging.  Position is given relative to 
the thyroid gland. 
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6.2 Comparison of Observer Study with Surgical and 
Ultrasound Findings 
6.2.1 Phase 1 versus Surgical and US Findings Comparison 
6.2.1.1  Surgical Results Comparison 
                                                                      
                                                                           
                                                                                 
                                                                                 
                                    
Observer  Sur > P  Sur < P  Sur = P  Total 
                
               
                
               
               
                     
Table 6.4 - Comparison of number of samples resected at surgery and number of lesions 
seen in phase 1 (planar) 
Sur>P = number of times more lesions were resected than were seen on planar images, 
Sur<P = number of times fewer lesions were resected than were seen on planar images, 
Sur=P = number of times same number of lesions were resected as were seen on planar 
images. Chapter 6    128 
                                                                                 
                                                                          
                                                                       
                                                                                
                                                                         
                                                                              
                                                       
                                                                              
                                                                                  
                                                     
Observer  p-value  Estimated Median  95% CI 
                          
                          
                          
                          
                          
                                 
Table 6.5 - Results from Wilcoxon Signed Ranks test on differences in number of lesions 
seen (surgery vs phase 1) 
Output from Minitab software applied to the differences in the number of lesions resected at 
surgery and the number seen on planar imaging. 
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Observer  No. Same +/- (%)  No. Different +/- (%)  Total 
                          
                          
                          
                          
                         
                                 
Table 6.6 - Results from comparison of positive/negative findings (surgery vs phase 1) 
Number of comparisons between the overall given positive/negative report for a lesion that 
were the same and different between the surgically resected lesions and those seen on the 
planar images.  Percentages of the total in each category for each observer and overall are 
given in brackets. 
                                                                      
                                                                            
                                                                           
                                                                                     
                                                    
Observer  p-value  Estimated Median  95% CI 
                           
                           
                           
                           
                          
                                
Table 6.7 - Results from Wilcoxon Signed Ranks Test on positive/negative comparison 
(surgery vs phase 1) 
Output from statistical test applied to comparison between the positive/negative report 
findings for surgical results and those given from review of the planar images. 
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Observer  No. Same (%)  No. Different (%)  Total 
                         
                         
                         
                        
                         
                                
Table 6.8 - Results of comparison in left/right location between lesions resected at surgery 
and those seen on planar images 
Number and percentage of lesions seen in the same and different left/right location for each 
observer and combined for all observers. 
                                                                        
                                                                                   
                                                                         
                     
                                                                            
                                                                               
                                                                               
                                                                            
                                                                                  
                                                          
Observer  No. Same (%)  No. Different (%)  Total 
                         
                         
                         
                         
                         
                                
Table 6.9 - Results of comparison in upper/lower location between lesions resected at 
surgery and those seen on planar images 
Number and percentage of lesions seen in the same and different upper/lower location for 
each observer and combined for all observers. 
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Observer  No. Same (%)  No. Different (%)  Total 
                         
                         
                         
                         
                         
                                
Table 6.10 - Results of combined left/right and upper/lower location comparisons between 
lesions resected at surgery and those seen on planar images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
                                                                              
                                                                                  
                                                                                
                                                                              
                                                                                  
                                                                                 
                                                                              
                                                                                 
                                                                         
                                                                                  
                                                                                 
                                                                                
                                                                                  
                                                              
Observer  Sensitivity (%)  Specificity (%) 
          
          
          
          
          
                
           
Table 6.11- Calculated sensitivity and specificity values for comparison of surgical and 
planar imaging results 
Percentage sensitivity and specificity values are given for each observer and for the 
combined results of all observers as well as for US imaging to provide a comparison 
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6.2.1.2  Ultrasound Results Comparison 
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Observer  US > P  US < P  US = P  Total 
                
                
                
                
                
                       
Table 6.12 - Comparison of number of lesions seen on ultrasound and in phase 1 (planar) 
US>P = number of times more lesions were seen on ultrasound than on planar images, 
US<P = number of times fewer lesions were seen on ultrasound than on planar images, 
US=P = number of times same number of lesions were seen on ultrasound than on planar 
images. 
Observer  p-value  Estimated Median  95% CI 
                          
                          
                          
                          
                          
                                 
Table 6.13 - Results from Wilcoxon Signed Ranks test on differences in number of lesions 
seen (ultrasound vs phase 1) 
Output from Minitab software applied to the differences in the number of lesions seen on 
ultrasound and those seen on planar imaging. 
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Observer  No. Same +/- (%)  No. Different +/- (%)  Total 
                         
                          
                          
                          
                         
                                 
Table 6.14 - Results from comparison of positive/negative findings (ultrasound vs phase 1) 
Number of comparisons between the overall given positive/negative report for a lesion that 
were the same and different between those seen on ultrasound imaging and those seen on 
the planar images.  Percentages of the total in each category for each observer and overall 
are given in brackets. 
Observer  p-value  Estimated Median  95% CI 
                          
                          
                          
                          
                          
                                
Table 6.15 - Results from Wilcoxon Signed Ranks Test on positive/negative comparison 
(ultrasound vs phase 1) 
Output from statistical test applied to comparison between the positive/negative report 
findings from ultrasound and those given from review of the planar images. 
                                                                                 
                                                                                 
                                                                                  
Observer  No. Same (%)  No. Different (%)  Total 
                         
                        
                        
                        
                         
                                
Table 6.16 - Results of comparison in left/right location between lesions seen on ultrasound 
and those seen on planar images 
Number and percentage of lesions seen in the same and different left/right location for each 
observer and combined for all observers. Chapter 6    135 
                                                                                  
               
                                                                        
                                                                                 
                                                                                
                                                                                    
Observer  No. Same (%)  No. Different (%)  Total 
                        
                        
                        
                        
                        
                                
Table 6.17 - Results of comparison in upper/lower location between lesions seen on 
ultrasound and those seen on planar images 
Number and percentage of lesions seen in the same and different upper/lower location for 
each observer and combined for all observers. 
                                                                                
                                                                             
                                                                                
                                                            
                                                                                
                                                                                 
                         
Observer  No. Same (%)  No. Different (%)  Total 
                        
                        
                        
                        
                        
                                
Table 6.18 - Results of combined left/right and upper/lower location comparisons between 
lesions seen on ultrasound and those seen on planar images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
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Observer  Sensitivity (%)  Specificity (%) 
          
          
          
          
          
                
Table 6.19 - Calculated sensitivity and specificity values for comparison of US and planar 
imaging results 
Percentage sensitivity and specificity values are given for each observer and for the 
combined results of all observers 
                                                                                      
                                                                                
                                                                               
                                                                           
                                                                              
                                                                                 
                 
6.2.2 Phase 2 versus Surgical and US Findings Comparison 
6.2.2.1  Surgical Results Comparison 
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Observer  Sur > S  Sur < S  Sur = S  Total 
                
                
                
                
                
                      
Table 6.20 - Comparison of number of samples resected at surgery and number of lesions 
seen in phase 2 (SPECT) 
Sur>S = number of times more lesions were resected than were seen on SPECT images, 
Sur<S = number of times fewer lesions were resected than were seen on SPECT images, 
Sur=S = number of times same number of lesions were resected as were seen on SPECT 
images. 
                                                                            
                                                                              
            
Observer  p-value  Estimated Median  95% CI 
                          
                          
                           
                           
                             
                                
Table 6.21 - Results from Wilcoxon Signed Ranks test on differences in number of lesions 
seen (surgery vs phase 2) 
Output from Minitab software applied to the differences in the number of lesions resected at 
surgery and the number seen on SPECT imaging. 
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Observer  No. Same +/- (%)  No. Different +/- (%)  Total 
                         
                         
                         
                         
                          
                                 
Table 6.22 - Results from comparison of positive/negative findings (surgery vs phase 2) 
Number of comparisons between the overall given positive/negative report for a lesion that 
were the same and different between the surgically resected lesions and those seen on the 
SPECT images.  Percentages of the total in each category for each observer and overall are 
given in brackets. 
                                                                                
                                                                               
                                                                              
                                                                           
                                                                          
                                                                      
                                                                                  
                                                                             
                                                                                 
                                                                          
                                                                                
                 
Observer  p-value  Estimated Median  95% CI 
                          
                          
                          
                          
                          
                                 
Table 6.23 - Results from Wilcoxon Signed Ranks Test on positive/negative comparison 
(surgery vs phase 2) 
Output from statistical test applied to comparison between the positive/negative report 
findings for surgical results and those given from review of the SPECT images. Chapter 6    139 
                                                                             
                                                                                   
                                                                              
            
                                                                                 
                                                                           
                           
Observer  No. Same (%)  No. Different (%)  Total 
                         
                         
                         
                         
                          
                                 
Table 6.24 - Results of comparison in left/right location between lesions resected at surgery 
and those seen on SPECT images 
Number and percentage of lesions seen in the same and different left/right location for each 
observer and combined for all observers. 
                                                                           
                                                                                  
                                                                                   
                                                                           
                                                                             
                                                                             
                                                                       
                                                                           
Observer  No. Same (%)  No. Different (%)  Total 
                         
                         
                          
                         
                          
                                 
Table 6.25 - Results of comparison in upper/lower location between lesions resected at 
surgery and those seen on SPECT images 
Number and percentage of lesions seen in the same and different upper/lower location for 
each observer and combined for all observers. Chapter 6    140 
                                                                              
                           
                                                                       
                                                                          
                                                  
Observer  No. Same (%)  No. Different (%)  Total 
                         
                         
                         
                         
                          
                                 
Table 6.26 - Results of combined left/right and upper/lower location comparisons between 
lesions resected at surgery and those seen on SPECT images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
                                                                                  
                                                                             
                                                                              
               
                                                                             
                                                                                
                                                                                
                      
Observer  No. Same (%)  No. Different (%)  Total 
                        
                        
                         
                         
                          
                                 
Table 6.27 - Results of comparison in anterior/posterior location between lesions resected 
at surgery and those seen on SPECT images 
Number and percentage of lesions seen in the same and different anterior/posterior location 
for each observer and combined for all observers. 
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Observer  No. Same (%)  No. Different (%)  Total 
                         
                         
                         
                         
                         
                                 
Table 6.28 - Results of combined left/right, upper/lower and anterior/posterior location 
comparisons between lesions resected at surgery and those seen on SPECT images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
                                                                                  
                                                                            
          
                                                                                   
                                                                                  
                                                                             
                                            
Observer  Sensitivity (%)  Specificity (%) 
          
          
          
         
          
                
           
Table 6.29 - Calculated sensitivity and specificity values for comparison of surgical and 
SPECT imaging results 
Percentage sensitivity and specificity values are given for each observer and for the 
combined results of all observers as well as for US imaging to provide a comparison 
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6.2.2.2  Ultrasound Results Comparison 
                                                                                
                                                                          
                                                                                
                                                                             
                                                                              
                                                                               
                                                                            
                                                                        
                                        
Observer  US > S  US < S  US = S  Total 
                
                
                 
                
                
                      
Table 6.30 - Comparison of number of lesions seen on ultrasound and in phase 2 (SPECT) 
US>S = number of times more lesions were seen on ultrasound than on SPECT images, 
US<S = number of times fewer lesions were seen on ultrasound than on SPECT images, 
US=S = number of times same number of lesions were seen on ultrasound as on SPECT 
images. 
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Observer  p-value  Estimated Median  95% CI 
                           
                           
                            
                            
                              
                                    
Table 6.31 - Results from Wilcoxon Signed Ranks test on differences in number of lesions 
seen (ultrasound vs phase 2) 
Output from Minitab software applied to the differences in the number of lesions seen on 
ultrasound and those seen on SPECT imaging. 
                                                                               
                                                                                  
                                                                             
                                                                                 
                                                                                  
Observer  No. Same +/- (%)  No. Different +/- (%)  Total 
                         
                         
                          
                         
                          
                                  
Table 6.32 - Results from comparison of positive/negative findings (ultrasound vs phase 2) 
Number of comparisons between the overall given positive/negative report for a lesion that 
were the same and different between those seen on ultrasound imaging and those seen on 
the SPECT images.  Percentages of the total in each category for each observer and overall 
are given in brackets. 
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Observer  p-value  Estimated Median  95% CI 
                          
                          
                          
                          
                          
                                 
Table 6.33 - Results from Wilcoxon Signed Ranks Test on positive/negative comparison 
(ultrasound vs phase 2) 
Output from statistical test applied to comparison between the positive/negative report 
findings from ultrasound imaging and those given from review of the SPECT images. 
Observer  No. Same (%)  No. Different (%)  Total 
                         
                         
                         
                         
                         
                                
Table 6.34 - Results of comparison in left/right location between lesions seen on ultrasound 
and those seen on SPECT images 
Number and percentage of lesions seen in the same and different left/right location for each 
observer and combined for all observers. 
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Observer  No. Same (%)  No. Different (%)  Total 
                        
                        
                        
                        
                          
                                
Table 6.35 - Results of comparison in upper/lower location between lesions seen on 
ultrasound and those seen on SPECT images 
Number and percentage of lesions seen in the same and different upper/lower location for 
each observer and combined for all observers. 
Observer  No. Same (%)  No. Different (%)  Total 
                        
                        
                        
                        
                          
                                
Table 6.36 - Results of combined left/right and upper/lower location comparisons between 
lesions seen on ultrasound and those seen on SPECT images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
                                                                              
                                                                             
                                                                             
                                                                                 
                                                                              
Observer  No. Same (%)  No. Different (%)  Total 
                        
                         
                         
                        
                         
                                
Table 6.37 - Results of comparison in anterior/posterior location between lesions seen on 
ultrasound and those seen on SPECT images 
Number and percentage of lesions seen in the same and different anterior/posterior location 
for each observer and combined for all observers. 
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Observer  No. Same (%)  No. Different (%)  Total 
                        
                         
                        
                         
                         
                                
Table 6.38 - Results of combined left/right, upper/lower and anterior/posterior location 
comparisons between lesions seen on ultrasound and those seen on SPECT images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
                                                                               
                                                                               
                                                                      
                                                                            
                                                                           
                                                                                
                                                                               
                                                                                   
                                                                               
                                                                                 
                                                                         
                                                                                 
                                                                             
                                                          
Observer  Sensitivity (%)  Specificity (%) 
          
          
          
           
          
                
Table 6.39 - Calculated sensitivity and specificity values for comparison of US and SPECT 
imaging results 
Percentage sensitivity and specificity values are given for each observer and for the 
combined results of all observers Chapter 6    147 
6.2.3 Phase 3 versus Surgical and US Findings Comparison 
6.2.3.1  Surgical Results Comparison 
                                                                          
                                                                       
                                                                              
                                                                                
                                                                          
                
Observer  Sur > M  Sur < M  Sur = M  Total 
                
               
                
               
                
                     
Table 6.40 - Comparison of number of samples resected at surgery and number of lesions 
seen in phase 3 (Sestamibi only) 
Sur>M = number of times more lesions were resected than were seen on Sestamibi images, 
Sur<M = number of times fewer lesions were resected than were seen on Sestamibi images, 
Sur=M = number of times same number of lesions were resected as were seen on Sestamibi 
images. 
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Observer  p-value  Estimated Median  95% CI 
                          
                          
                          
                          
                           
                                
Table 6.41 - Results from Wilcoxon Signed Ranks test on differences in number of lesions 
seen (surgery vs phase 3) 
Output from Minitab software applied to the differences in the number of lesions resected at 
surgery and the number seen on Sestamibi only imaging. 
                                                                                
                                                                             
                     
Observer  No. Same +/- (%)  No. Different +/- (%)  Total 
                         
                         
                         
                         
                         
                                 
Table 6.42 - Results from comparison of positive/negative findings (surgery vs phase 3) 
Number of comparisons between the overall given positive/negative report for a lesion that 
were the same and different between the surgically resected lesions and those seen on the 
Sestamibi only images.  Percentages of the total in each category for each observer and 
overall are given in brackets. 
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Observer  p-value  Estimated Median  95% CI 
                           
                            
                           
                          
                          
                                
Table 6.43 - Results from Wilcoxon Signed Ranks Test on positive/negative comparison 
(surgery vs phase 3) 
Output from statistical test applied to comparison between the positive/negative report 
findings for surgical results and those given from review of the Sestamibi only images. 
                                                                            
                                                                               
                                                                            
                                                                        
                                                                                
                                                                                
                                                                                   
                                                                            
                                                                              
                                                              
Observer  No. Same (%)  No. Different (%)  Total 
                         
                         
                         
                         
                         
                                
Table 6.44 - Results of comparison in left/right location between lesions resected at surgery 
and those seen on Sestamibi only images 
Number and percentage of lesions seen in the same and different left/right location for each 
observer and combined for all observers. 
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Observer  No. Same (%)  No. Different (%)  Total 
                        
                         
                        
                         
                          
                                
Table 6.45 - Results of comparison in upper/lower location between lesions resected at 
surgery and those seen on Sestamibi only images 
Number and percentage of lesions seen in the same and different upper/lower location for 
each observer and combined for all observers. 
Observer  No. Same (%)  No. Different (%)  Total 
                         
                         
                        
                         
                         
                                
Table 6.46 - Results of combined left/right and upper/lower location comparisons between 
lesions resected at surgery and those seen on Sestamibi only images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
                                                                              
                                                                              
                                                                                      
                                                                               
                                                                                   
                                                                              
            
Observer  No. Same (%)  No. Different (%)  Total 
                         
                         
                         
                         
                         
                                
Table 6.47 - Results of comparison in anterior/posterior location between lesions resected 
at surgery and those seen on Sestamibi only images 
Number and percentage of lesions seen in the same and different anterior/posterior location 
for each observer and combined for all observers. Chapter 6    151 
                                                                       
                                                                             
                                                                               
                     
Observer  No. Same (%)  No. Different (%)  Total 
                         
                         
                         
                         
                         
                                
Table 6.48 - Results of combined left/right, upper/lower and anterior/posterior location 
comparisons between lesions resected at surgery and those seen on Sestamibi only images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
                                                                                   
                                                                               
                                                                               
                                                   
                            
                                                                              
        
                                                                                   
                                                                                    
                                                                                 
                                                                                  
                                                                    
Observer  Sensitivity (%)  Specificity (%) 
           
           
           
          
         
                
           
Table 6.49- Calculated sensitivity and specificity values for comparison of surgical and 
Sestamibi only imaging 
Percentage sensitivity and specificity values are given for each observer and for the 
combined results of all observers as well as for US imaging to provide a comparison Chapter 6    152 
                                                                             
                                                                       
                                                                                  
                                                                                    
                                                                            
                                                                                   
       
                                                                        
                                                                              
                                                                                   
                                                                             
                                                                           
                                                                              
                                                                                
                                                                           
                                                                              
                                                                              
                                                                                 
                                                                              
                                                                                   
                                                                           
                                                                        
                                                                               
                                                                              
                                                                              
                          
                                             
     
                                                                             
                                                                             
         
6.2.3.2  Ultrasound Results Comparison 
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Observer  US > M  US < M  US = M  Total 
                
                
                
                
                
                       
Table 6.50 - Comparison of number of lesions seen on ultrasound and in phase 3 (Sestamibi 
only) 
US>M = number of times more lesions were seen on ultrasound than on Sestamibi images, 
US<M = number of times fewer lesions were seen on ultrasound than on Sestamibi images, 
US=M = number of times same number of lesions were seen on ultrasound as on Sestamibi 
images. 
Observer  p-value  Estimated Median  95% CI 
                           
                          
                           
                           
                             
                                 
Table 6.51 - Results from Wilcoxon Signed Ranks test on differences in number of lesions 
seen (ultrasound vs phase 3) 
Output from Minitab software applied to the differences in the number of lesions seen on 
ultrasound and those seen on Sestamibi only imaging. 
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Observer  No. Same +/- (%)  No. Different +/- (%)  Total 
                         
                          
                         
                          
                          
                                 
Table 6.52 - Results from comparison of positive/negative findings (ultrasound vs phase 3) 
Number of comparisons between the overall given positive/negative report for a lesion that 
were the same and different between those seen on ultrasound imaging and those seen on 
the Sestamibi only images.  Percentages of the total in each category for each observer and 
overall are given in brackets. 
                                                                             
                                                                            
                                                                                
                                                        
Observer  p-value  Estimated Median  95% CI 
                           
                          
                          
                          
                          
                                
Table 6.53 - Results from Wilcoxon Signed Ranks Test on positive/negative comparison 
(ultrasound vs phase 3) 
Output from statistical test applied to comparison between the positive/negative report 
findings from ultrasound imaging and those given from review of the Sestamibi only 
images. 
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Observer  No. Same (%)  No. Different (%)  Total 
                        
                         
                        
                        
                         
                                
Table 6.54 - Results of comparison in left/right location between lesions seen on ultrasound 
and those seen on Sestamibi only images 
Number and percentage of lesions seen in the same and different left/right location for each 
observer and combined for all observers. 
                                                                        
                                                                   
                                                                                
                                                                          
                                                                                 
                                                                                
                              
Observer  No. Same (%)  No. Different (%)  Total 
                        
                        
                        
                        
                         
                                
Table 6.55 - Results of comparison in upper/lower location between lesions seen on 
ultrasound and those seen on Sestamibi only images 
Number and percentage of lesions seen in the same and different upper/lower location for 
each observer and combined for all observers. 
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Observer  No. Same (%)  No. Different (%)  Total 
                        
                         
                        
                        
                         
                                
Table 6.56 - Results of combined left/right and upper/lower location comparisons between 
lesions seen on ultrasound and those seen on Sestamibi only images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
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Table 6.57 - Results of comparison in anterior/posterior location between lesions seen on 
ultrasound and those seen on Sestamibi only images 
Number and percentage of lesions seen in the same and different anterior/posterior location 
for each observer and combined for all observers. 
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Table 6.58 - Results of combined left/right, upper/lower and anterior/posterior location 
comparisons between lesions seen on ultrasound and those seen on Sestamibi only images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. Chapter 6    157 
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Table 6.59- Calculated sensitivity and specificity values for comparison of US and Sestamibi 
only imaging results 
Percentage sensitivity and specificity values are given for each observer and for the 
combined results of all observers 
6.2.4 Phase 4 versus Surgical and US Findings Comparison 
6.2.4.1  Surgical Results Comparison 
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Observer  Sur > A  Sur < A  Sur = A  Total 
                
                
                
                
                
                      
Table 6.60 - Comparison of number of samples resected at surgery and number of lesions 
seen in phase 4 (all images) 
Sur>A = number of times more lesions were resected than were seen on review of all 
available images, Sur<A = number of times fewer lesions were resected than were seen on 
review of all available images, Sur=A = number of times same number of lesions were 
resected as were seen on review of all available images. 
                                                                                
                                                                                   
                                                                                  
                                                                           
                                                            
Observer  p-value  Estimated Median  95% CI 
                          
                          
                          
                           
                           
                                
Table 6.61 - Results from Wilcoxon Signed Ranks test on differences in number of lesions 
seen (surgery vs phase 4) 
Output from Minitab software applied to the differences in the number of lesions resected at 
surgery and the number seen on review of all images. Chapter 6    159 
                                                                              
                                                                                
                                                                                
                                                                                 
                                                                               
                                                                                 
                                                                        
Observer  No. Same +/- (%)  No. Different +/- (%)  Total 
                         
                         
                         
                         
                          
                                 
Table 6.62 - Results from comparison of positive/negative findings (surgery vs phase 4) 
Number of comparisons between the overall given positive/negative report for a lesion that 
were the same and different between the surgically resected lesions and those seen when 
all images were reviewed together.  Percentages of the total in each category for each 
observer and overall are given in brackets. 
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Table 6.63 - Results from Wilcoxon Signed Ranks Test on positive/negative comparison 
(surgery vs phase 4) 
Output from statistical test applied to comparison between the positive/negative report 
findings for surgical results and those given from review of all images. Chapter 6    160 
                                                                                   
                                                                                 
                                                                                
                                                                        
                                                                                  
                                                      
Observer  No. Same (%)  No. Different (%)  Total 
                         
                         
                         
                         
                         
                                
Table 6.64 - Results of comparison in left/right location between lesions resected at surgery 
and those seen on review of all images 
Number and percentage of lesions seen in the same and different left/right location for each 
observer and combined for all observers. 
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Table 6.65 - Results of comparison in upper/lower location between lesions resected at 
surgery and those seen on review of all images 
Number and percentage of lesions seen in the same and different upper/lower location for 
each observer and combined for all observers. 
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Table 6.66 - Results of combined left/right and upper/lower location comparisons between 
lesions resected at surgery and those seen on review of all images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
                                                                            
                                                                                    
                                                                                 
                                       
Observer  No. Same (%)  No. Different (%)  Total 
                         
                        
                         
                         
                         
                                
Table 6.67 - Results of comparison in anterior/posterior location between lesions resected 
at surgery and those seen on review of all images 
Number and percentage of lesions seen in the same and different anterior/posterior location 
for each observer and combined for all observers. 
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Observer  No. Same (%)  No. Different (%)  Total 
                        
                         
                        
                         
                          
                                
Table 6.68 - Results of combined left/right, upper/lower and anterior/posterior location 
comparisons between lesions resected at surgery and those seen on review of all images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
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Table 6.69 - Calculated sensitivity and specificity values for comparison of surgical and all 
dual-isotope subtraction imaging 
Percentage sensitivity and specificity values are given for each observer and for the 
combined results of all observers as well as for US imaging to provide a comparison 
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6.2.4.2  Ultrasound Results Comparison 
                                                                                 
                                                                           
                                                                              
                                                                                 
                                                    
Observer  US > A  US < A  US = A  Total 
                
                
                
                 
                 
                      
Table 6.70 - Comparison of number of lesions seen on ultrasound and in phase 4 (all 
images) 
US>A = number of times more lesions were seen on ultrasound than on review of all 
available SPECT and planar images, US<A = number of times fewer lesions were seen on 
ultrasound than on review of all images, US=A = number of times same number of lesions 
were seen on ultrasound as on review of all images. 
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Observer  p-value  Estimated Median  95% CI 
                            
                          
                           
                            
                             
                                   
Table 6.71 - Results from Wilcoxon Signed Ranks test on differences in number of lesions 
seen (ultrasound vs phase 4) 
Output from Minitab software applied to the differences in the number of lesions seen on 
ultrasound and those seen on review of all images. 
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Table 6.72 - Results from comparison of positive/negative findings (ultrasound vs phase 4) 
Number of comparisons between the overall given positive/negative report for a lesion that 
were the same and different between those seen on ultrasound imaging and those seen on 
review of all images.  Percentages of the total in each category for each observer and 
overall are given in brackets. 
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Observer  p-value  Estimated Median  95% CI 
                          
                          
                          
                          
                          
                                 
Table 6.73 - Results from Wilcoxon Signed Ranks Test on positive/negative comparison 
(ultrasound vs phase 4) 
Output from statistical test applied to comparison between the positive/negative report 
findings from ultrasound imaging and those given from review of all images. 
                                                                             
                                                                              
                                                                           
                                                               
Observer  No. Same (%)  No. Different (%)  Total 
                         
                         
                         
                         
                         
                                
Table 6.74 - Results of comparison in left/right location between lesions seen on ultrasound 
and those seen on review of all images 
Number and percentage of lesions seen in the same and different left/right location for each 
observer and combined for all observers. 
                                                                           
                                                                            
                                                                              
                                                             
Observer  No. Same (%)  No. Different (%)  Total 
                         
                         
                        
                         
                         
                                
Table 6.75 - Results of comparison in upper/lower location between lesions seen on 
ultrasound and those seen on review of all images 
Number and percentage of lesions seen in the same and different upper/lower location for 
each observer and combined for all observers. Chapter 6    166 
                                                                        
                                                                                
                                                                               
                                                                                 
            
Observer  No. Same (%)  No. Different (%)  Total 
                         
                        
                        
                         
                         
                                
Table 6.76 - Results of combined left/right and upper/lower location comparisons between 
lesions seen on ultrasound and those seen on review of all images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
                                                                                
                                                                           
                                                                                 
      
Observer  No. Same (%)  No. Different (%)  Total 
                         
                         
                         
                         
                         
                                
Table 6.77 - Results of comparison in anterior/posterior location between lesions seen on 
ultrasound and those seen on review of all images 
Number and percentage of lesions seen in the same and different anterior/posterior location 
for each observer and combined for all observers. 
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Observer  No. Same (%)  No. Different (%)  Total 
                         
                        
                        
                        
                         
                                
Table 6.78 - Results of combined left/right, upper/lower and anterior/posterior location 
comparisons between lesions seen on ultrasound and those seen on review of all images 
Number and percentage of lesions seen in the same and different overall location for each 
observer and for the combined for all observers. 
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Table 6.79- Calculated sensitivity and specificity values for comparison of US and all dual-
isotope subtraction imaging 
Percentage sensitivity and specificity values are given for each observer and for the 
combined results of all observers 
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6.2.5 Summary of Observer Study and Surgical Comparison 
Results 
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Figure 6.1 - Bar chart of differences in number of lesions 
Frequency of “more”, “same” and “less” findings for comparison of number of lesions 
removed at surgery versus the number reported on each phase of the observer study.  
Phase 1 = planar images only, Phase 2 = SPECT images only, Phase 3 = Sestamibi images 
only (planar & SPECT), Phase 4 = all images. 
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Figure 6.2 - Bar chart of comparisons in positive/negative findings 
Frequency of “same” and “different” findings for comparison of the positive/negative 
findings for each lesion resected at surgery compared to those seen on each phase of the 
observer study.  Phase 1 = planar images only, Phase 2 = SPECT images only, Phase 3 = 
Sestamibi images only (planar & SPECT), Phase 4 = all images. 
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Figure 6.3 - Bar chart of comparisons in left/right locations 
Frequency of “same” and “different” findings for comparison of the given left/right location 
for each lesion resected at surgery compared to those seen on each phase of the observer 
study.  Phase 1 = planar images only, Phase 2 = SPECT images only, Phase 3 = Sestamibi 
images only (planar & SPECT), Phase 4 = all images. 
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Figure 6.4 - Bar chart of comparisons in overall given location 
Frequency of “same” and “different” findings for comparison of the overall given location 
for each lesion resected at surgery compared to those seen on each phase of the observer 
study.  Phase 1 = planar images only, Phase 2 = SPECT images only, Phase 3 = Sestamibi 
images only (planar & SPECT), Phase 4 = all images. 
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Chapter 7 – Parathyroid Study – Discussion, 
Conclusions and Suggestions for Further Work 
7.1 Discussion 
7.1.1 Study Participants 
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7.1.3 General Observer Comments 
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7.1.4 Comparison of Phases of Observer Study 
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7.1.5 Comparison of Surgical and Ultrasound Findings 
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7.1.6 Comparison of Observer Study with Surgical Findings 
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Table 7.1 - Overall sensitivity and specificity values for comparison of results of observer 
study and ultrasound imaging with surgical results 
Combined sensitivity and specificity results for all 5 observers for each phase of the 
observer study and those from the ultrasound imaging reports relative to surgery 
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7.1.7 Second Review of Phase 2 SPECT Images 
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Figure 7.1 - Comparison of lesions seen on first and second reviews of SPECT data 
Bar chart showing the total number of lesions seen by each observer on the first (blue) and 
second (purple) reviews of the phase 2 dual-isotope subtraction SPECT images. 
Observer  Sensitivity 1
st 
review (%) 
Sensitivity 2
nd 
review (%) 
Specificity 1
st 
review (%) 
Specificity 2
nd 
review (%) 
                  
                  
                  
                        
Table 7.2 - Calculated sensitivity and specificity relative to surgical findings for first and 
second SPECT image reviews 
Sensitivity and specificity calculated for each individual observer and overall relative to the 
surgical and histological reports for the 1
st and 2
nd phase 2 SPECT image review. 
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7.1.8 Comparison of Observer Study with Ultrasound Findings 
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Table 7.3 - Overall sensitivity and specificity values for comparison of results of observer 
study with ultrasound imaging results 
Combined sensitivity and specificity results for all 5 observers for each phase of the 
observer study compared with those from the ultrasound imaging reports 
                                                                                 
                                                                          
                                                                                
                                                                                 
                                                                              
                                                                                  
                                                                             
                                                                             
                    
7.1.9 Comparison with Results from Other Researchers 
                                                                         
                                                                              
                                                                                     
        et al                                                            
                                                                        
                                                                              
                                                                        
                                                                               
                                    
                                     Chapter 7    194 
           et al                                                                     
                                                               et al           
        
                                                                            
                                                                                 
                                                                     et al.  
                                                                              
                                                                  et al.  
             et al                   et al                                      
                                                                                     
                                                                   et al.  
                                                                          
                 
                                                                  
                         
                                                      
                                        
                                                                               
                                                                                  
                                                                          
                                                                     
                 et al                                                   
                                                                               
                                                                             
                                                                                   
                                                                                 
                                                                             
                                                                                   
                                                                                   
                                                                              
                                                                               
                                                                        
                                                                                   
                                                                           
                                                                            Chapter 7    195 
                                                                            
                                                                               
                                                                    
                                                                               
                                                                                
                                                                               
                                       et al                                  
                                                                       et al.  
                                                                                 
             
                                                                   
                                                                             
                      et al           
                                                                         
                                                                              
                                                                                 
                                                                                     
                                                                                
                                                                                
                                                                                
       et al          
                                                    
                         
                                                                                 
                                                                              
          et al                       et al                     et al         
          et al               et al                                         et 
al                 et al                et al                                        
                       et al              et al                 et al         
        et al                                        
                              
                                         et al                       et al   
                                                                                 
                                                                           
                                                                               
                                                                              
                      
                                         Chapter 7    196 
                                        
                                          
                                                                                 
                                                                                     
                                                                                   
                                                                               
                                                                            
                                                                                 
                                                                          
                                          
                                                                          
                                                                          
                                                                             
                                           et al                       et 
al.                   et al.             et al.                                      
                       et al                                                    
                                                                              
et al.                                                                        
                                                                               
                                                    et al                         
                                                                                
et al                              et al                                et al.  
                                                                         
                                                                               
                                                                         
                     
                                                                                
                                                                             
                                                                              
                                        
                    
                   
                                                                                   
                   et al                                                       
                                                                        
                                                                               
                                                                                 Chapter 7    197 
                                                                               
                                                                            
                                                                                  
                                                                      
                                                                              
                                                                             
                                                                               
                                                                            
                                           
                                                                              
                                                                             
                                                                          
                                                                              
                                                                               
                                et al                                          
                                                                                  
                                                                                
                                                                 
                                                                    
                                                                              
                                                                                   
                                                                        
                                                                                
                                                          et al                
et al                 et al                et al                        et al   
            et al                                                          
                                      et al                             
                                                                       
                                                                                
                                                                                
                                                                        
                                                                            
                     Chapter 7    198 
7.1.10  Results with Equivocal Reports Taken as Positive 
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Figure 7.2 - Comparison of number of positive lesions seen when equivocal taken as 
negative and positive 
Bar chart showing the number of lesions given as positive for adenoma by the observers on 
each of the 4 phases of the observer study (Phase 1 = planar, Phase 2 = SPECT, Phase 3 = 
Sestamibi only, Phase 4 = all images) when equivocal reports were regarded as negative 
(blue) and positive (purple). 
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Figure 7.3 - Comparison of number of same positive/negative reports when equivocal taken 
as negative and then positive 
Bar chart showing the number of times the same positive/negative report was given for 
each gland removed at surgery as compared to each lesion reported by the observers on 
the 4 phases of the observer study (Phase 1 = planar, Phase 2 = SPECT, Phase 3 = 
Sestamibi only, Phase 4 = all images) when equivocal reports were regarded as negative 
(blue) and positive (purple). 
Study Phase  Sensitivity (%) 
Equi -ve 
Sensitivity (%) 
Equi +ve 
Specificity 
(%) Equi -ve 
Specificity 
(%) Equi +ve 
                            
                         
                             
                              
Table 7.4 - Sensitivity and specificity results for equivocal taken as negative and positive 
Calculated overall sensitivity and specificity relative to the surgical gold standard for each 
phase of the observer study firstly taking equivocal reports as negative (Equi –ve) and then 
positive (Equi +ve). 
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7.3 Suggestions for Further Work 
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Chapter 8 – Thyroid Uptake Calculations from 
SPECT Images 
8.1 Introduction 
8.1.1 Nuclear Medicine Thyroid Studies 
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8.1.2 The Thyroid Uptake Measurement 
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8.1.3 Glasgow Royal Infirmary Thyroid Clinic 
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8.2 Materials and Methods 
8.2.1 Study participants 
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8.2.2 Planar Uptake Measurements 
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8.2.3 SPECT Acquisition 
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8.2.4 SPECT Image Reconstruction 
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8.2.5 Volume of Interest Definition 
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Figure 8.1 - Threshold VOI 
Automatic VOI (shown in red) created on thyroid SPECT images using a threshold 
technique. 
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Figure 8.2 - Seed ROI 
Example of ROI produced on transverse SPECT slice using the seed method 
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Figure 8.3 - Threshold ROIs 
Two ROIs defined using the threshold method at 12% (yellow) and 11% (blue) of the 
maximum counts in the image 
 
Figure 8.4 - Hand-drawn ROI 
Example of ROI produced by an operator manually drawing around the image of the thyroid 
gland 
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Figure 8.5 - Typical thyroid and background ROIs 
Hand-drawn thyroid (red) and background (yellow) ROIs on a transverse image slice 
8.2.6 Thyroid Uptake Calculation 
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8.2.7 Uptake Calculation from Single SPECT Frame 
                                                                                  
                                                                                 
                                                                                  
                                                                                    
                                                                             
                                                                               
                                                                               
                                                                      
                                                                                  
                                                                           
                     
8.2.8 Comparison of Planar, SPECT, Attenuation Corrected 
SPECT and Model Uptake Values 
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8.3 Results 
8.3.1 Patient Demographics and SPECT Imaging Times 
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Figure 8.6 - Histogram of imaging time post injection 
Histogram showing the time at which each acquisition commenced after injection of 
99mTc-
pertechnetate 
8.3.2 SPECT Reconstruction 
                                                                   
                                                                         
                                                                             
                                                                                 
                                                                            
                                                                            
                                                                          
                                                                           
                                                                           
                                                                                  
                                                                             
                                                                             
                                                             Chapter 8    225 
                                                                            
                                                                                
                                                                                  
                                                            
 
Figure 8.7 - Overly smoothed thyroid SPECT images 
Example of patient thyroid SPECT data that has been overly smoothed by the post 
reconstruction filter.  Figure shows coronal (top), transverse (middle) and sagittal (bottom) 
slices 
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Figure 8.8 - Overly sharp thyroid SPECT images 
Example of patient thyroid SPECT data that is too noisy after the application of the post 
reconstruction filter.  Slices are the same as those shown in Figure 8.7. 
 
Figure 8.9 - Best compromise thyroid SPECT images 
Example of patient thyroid SPECT data with the best compromise post reconstruction filter 
applied.  Slices are the same as those shown in Figure 8.7 and Figure 8.8. 
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8.3.3 Comparison of Calculated and Modelled Uptake Values 
8.3.3.1  Basic Statistics 
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Table 8.1 - Basic descriptive statistics for thyroid uptake results calculated with different 
methods 
SD = standard deviation, min = minimum value, max = maximum value, Q1 = first quartile, 
Q3 = third quartile. 
8.3.3.2  Planar versus SPECT Uptake Values 
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Figure 8.10 - Uptake from SPECT versus uptake from planar images 
Plot showing the uptake calculated from the SPECT data against the uptake from the 
anterior planar image with a straight line fit added.  The line of identity is shown in pink. 
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Figure 8.11 - Difference in calculated uptake (P - S) versus acquisition time difference 
Plot showing the difference between the uptake values calculated from the planar and 
SPECT images against the difference in acquisition start time post injection Chapter 8    230 
8.3.3.3  Single SPECT Frame Uptake Values 
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Figure 8.12 - Uptake from frame SPECT versus uptake from planar images 
Plot showing the uptake calculated from the single anterior SPECT frame against the uptake 
from the anterior planar image with a straight line fit added.  The line of identity is shown in 
pink. 
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Figure 8.13 - Difference in calculated uptake (P - FS) versus acquisition time difference 
Plot showing the difference between the uptake values calculated from the planar and frame 
SPECT images against the difference in acquisition start time post injection 
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Figure 8.14 - Uptake from SPECT images versus uptake from frame SPECT image 
Plot showing the uptake calculated from the full reconstructed SPECT data set against the 
uptake from a single anterior SPECT frame with a straight line fit added.  The line of identity 
is shown in pink. 
                                                                                   
                                                                                    
                                                                              
                                                                                 
                                                                             
                                                                               
                                                                         
                                                                           
                                                                               
                                                                              
                        
8.3.3.4  Attenuation Corrected SPECT Uptake Values 
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Figure 8.15 - Uptake from AC SPECT images versus uptake from planar image 
Plot showing the uptake calculated from the attenuation corrected SPECT data set against 
the uptake from an anterior planar image with a straight line fit added.  The line of identity is 
shown in pink. 
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Figure 8.16 - Uptake from AC SPECT images versus uptake from SPECT images 
Plot showing the uptake calculated from the attenuation corrected SPECT data set against 
the uptake from the SPECT data reconstructed without attenuation correction with a straight 
line fit added.  The line of identity is shown in pink. 
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Figure 8.17 - Uptake from AC SPECT images versus uptake from frame SPECT image 
Plot showing the uptake calculated from the attenuation corrected SPECT data set against 
the uptake from a single anterior SPECT frame with a straight line fit added.  The line of 
identity is shown in pink. 
                                                                           
                                                                               
                                                                     
8.3.3.5  ICRP Thyroid Uptake Model 
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Figure 8.18 - Uptake from SPECT images versus expected SPECT uptake from ICRP model 
Plot showing the uptake calculated from the SPECT data set against the uptake predicted by 
the ICRP model with a straight line fit added.  The line of identity is shown in pink. 
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Figure 8.19 - Uptake from frame SPECT image versus expected uptake from ICRP model 
Plot showing the uptake calculated from a single anterior SPECT frame against the uptake 
predicted by the ICRP model with a straight line fit added.  The line of identity is shown in 
pink. 
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Figure 8.20 - Uptake from AC SPECT images versus expected uptake from ICRP model 
Plot showing the uptake calculated from the attenuation corrected SPECT data set against 
the uptake predicted by the ICRP model with a straight line fit added.  The line of identity is 
shown in pink. 
8.3.3.6  Summary of Statistical Test Results 
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Table 8.2 - Summary of results from Wilcoxon Signed Ranks statistical test applied to 
differences in calculated uptake from each alternative imaging method 
P = planar, S = SPECT, FS = frame SPECT, ACS = AC SPECT, E = expected from ICRP model Chapter 8    239 
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Chapter 9 – Accuracy of the Thyroid Uptake 
Calculation 
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Figure 9.1 - Energy spectrum of 
99mTc acquisition showing image and scatter correction 
acquisition windows 
Gamma camera energy spectrum of 
99mTc acquisition showing 
99mTc image acquisition 
energy window A (red) and scatter correction energy window B (blue). 
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9.3 Results 
9.3.1 Comparison with Known “Uptake” Value 
                                                                                 
                                                                             
                                                                           
                                                                            
                                                                                
                                                                        
                                                                                   
                                 ±                                             Chapter 9    250 
                               ±                                           
                                    
                                                                                     
                                                                                  
                                                                             
                                                                                  
                                                                          
                      
                                                            
                                                                                   
y = 0.76x - 0.26
R
2 = 0.994
y = 0.72x - 0.13
R
2 = 0.997
y = 0.70x - 0.18
R
2 = 0.997
y = 0.78x - 0.02
R
2 = 0.966
0
2
4
6
8
10
12
14
16
18
20
0 5 10 15 20
Known Uptake (%)
M
e
a
s
u
r
e
d
 
U
p
t
a
k
e
 
(
%
)
Planar %
Frame SPECT %
Non-AC %
AC %
Identity
 
Figure 9.2- Measured uptake versus known uptake for phantom acquisitions 
Plot of measured uptake from planar (blue), frame SPECT (pink), non-attenuation corrected 
SPECT (green) and attenuation corrected SPECT (red) against known uptake in the 
phantom.  The line of identity is shown in black and the equations of the best fit straight 
lines are shown in the corresponding colour to the data points. 
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Known – Planar                                
Known – Frame SPECT                                
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Known – AC SPECT                                
Table 9.1 - Results of Wilcoxon Signed Ranks statistical test applied to differences between 
known and calculated uptake values 
Results from applying statistical test to the differences between the known and calculated 
uptake values for each of the different types of image. 
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Figure 9.3 - Plot of uptake from frame SPECT image versus uptake from planar image 
The line of identity is shown in black and the best fit straight line to the data is shown in 
blue with its equation and the r
2value from the method of least squares also displayed. 
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Figure 9.4 - Plot of uptake from SPECT images versus uptake from planar image 
The line of identity is shown in black and the best fit straight line to the data is shown in 
blue with its equation and the r
2value from the method of least squares also displayed. 
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Figure 9.5 - Plot of uptake from SPECT images versus uptake from frame SPECT image 
The line of identity is shown in black and the best fit straight line to the data is shown in 
blue with its equation and the r
2value from the method of least squares also displayed. 
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Figure 9.6 - Plot of uptake from attenuation corrected SPECT images versus uptake from 
planar image 
The line of identity is shown in black and the best fit straight line to the data is shown in 
blue with its equation and the r
2value from the method of least squares also displayed. 
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Figure 9.7 - Plot of uptake from attenuation corrected SPECT images versus uptake from 
frame SPECT image 
The line of identity is shown in black and the best fit straight line to the data is shown in 
blue with its equation and the r
2value from the method of least squares also displayed. 
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Figure 9.8 - Plot of uptake from attenuation corrected SPECT images versus uptake from 
SPECT images 
The line of identity is shown in black and the best fit straight line to the data is shown in 
blue with its equation and the r
2value from the method of least squares also displayed. 
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Table 9.2 - Results of uptake measurements on 3 phantom acquisitions that included 
SPECT/CT 
Known = actual “uptake” in phantom, Planar = uptake measured from planar image 
acquisition, Frame SPECT = uptake from anterior frame of SPECT acquisition, SPECT = 
uptake from reconstructed SPECT images not including attenuation correction, AC SPECT = 
uptake from reconstructed SPECT images with linear attenuation correction applied, SPECT 
+ CTAC = uptake from HERMES reconstructed SPECT/CT data including attenuation 
correction from CT mu-map, SPECT + SC + CTAC = uptake from Siemens reconstructed 
SPECT/CT data including scatter correction and attenuation correction from CT mu-map. 
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Appendix B – Patient Information Sheet & Consent 
Form 
 
Glasgow Royal Infirmary 
Nuclear Medicine Department 
 
 
Invitation to participate in a research study: 
 
The use of three-dimensional nuclear medicine images for thyroid and 
parathyroid disorders. 
 
 
You are being invited to take part in a research study.  Before you decide whether 
or not you wish to take part, it is important for you to understand why the research 
is  being  done  and  what  it  will  involve.    Please  take  time  to  read  the following 
information  carefully  and  discuss  it  with  others  if  you  wish.    Ask  us  if  there  is 
anything  that  is  not  clear  or  if  you  would  like  more  information.    Take  time  to 
decide whether or not you wish to take part. 
 
Thank you for taking the time to read this information sheet. 
 
 
What is the purpose of the study? 
 
This study has been designed to test a new method of taking nuclear medicine 
images for patients with possible thyroid and parathyroid disorders.  The study will 
involve  an  extra  scan  being  taken  when  you  come  for  your  nuclear  medicine 
appointment.    This  extra  scan  will  take  up  to  30  minutes  to  complete.    The 
information from this extra scan will allow  a 3-dimensional (3D) picture of your 
thyroid/parathyroids to be created alongside the usual 2-dimensional (2D) images 
we collect.  This 3D picture might give the doctors clearer information about your 
thyroid/parathyroids.   This  study  has  been set  up  to  see how  useful  this  extra 
information would be and if we should be collecting the 3D pictures for all patients 
coming to the department for thyroid and parathyroid scans. 
 
 
Why have I been chosen? 
 
You have been chosen to be a participant in this study because your doctor has 
asked that you have a scan of your thyroid gland or your parathyroid glands here 
at the Nuclear Medicine Department, Glasgow Royal Infirmary (GRI).  All patients 
referred to this department for these scans are being invited to take part in the 
study and will receive this information leaflet. 
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Do I have to take part? 
 
It is up to you to decide whether or not to take part.  If you decide that you are 
happy to take part, you may be asked to sign a consent form.  Not all patients 
receiving this leaflet will be asked to take part when they arrive in the department 
due to time constraints on our equipment.  Unless you have signed the consent 
form, the extra scan will not be carried out.  If you decide to take part you are still 
free to withdraw at any time and without giving a reason.  A decision to withdraw at 
any time, or a decision not to take part, will not affect the standard of care you 
receive.    If  you  do  take  part  in  the  study,  you  will  be  given  a  copy  of  this 
information leaflet and a copy of the signed consent form to keep. 
 
 
What will happen to me if I take part? 
 
If you take part in the study you will have one extra scan taken when you come for 
your  appointment.    This  will  mean  you  have  to  lie  still  on  your  back  on  the 
scanning couch for a maximum of 30 minutes.  After you have had all your scans, 
there is nothing else you need to do for this study.  The investigators will then use 
the information from the extra scan to carry out the rest of the work for the study. 
 
 
What do I have to do? 
 
All you will need to do to take part in this study is to sign the consent form when 
you arrive at the department and then lie on the scanner bed for up to 30 minutes 
while an extra scan of your thyroid gland or parathyroid glands is taken.  You will 
not be given any extra injections above those you will already be getting for your 
routine test.  There will be no changes for you to make to any medication you are 
taking or your diet other than those that are recommended by your doctor for your 
routine treatment. 
 
 
What are the side effects of taking part? 
 
There will be no side effects to you from taking part in this study.  The study only 
involves one extra scan being taken and you will not be given any other injections 
or medications as part of the study.  You will not be asked to stop taking any 
medication or make any other changes to your lifestyle for the purposes of this 
study. 
 
 
What are the possible disadvantages and risks of taking part? 
 
There are no real disadvantages or risks to you from taking part in the study.  You 
will not be required to have any other injections or take any other medication.  You 
will  receive  a  small  radiation  dose from  the  standard  test  that  your  doctor  has 
referred you here for, but this study will not result in an increased radiation dose.  
The only requirement is for you to lie still on your back on a scanning couch for up 
to 30 minutes while the extra scan data is acquired. 
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What are the possible benefits of taking part? 
 
The  information  from  the  extra  scan  will  be  available  to  the  Nuclear  Medicine 
consultant doctors, who will look at the results as well as those from the standard 
scans you will have.  We are not certain at this stage if the information we obtain 
from the extra study scan will be beneficial for your treatment or not. 
 
 
What if something goes wrong? 
 
There will be very little excess risk to you from taking part in this study as you will 
not  be  receiving  any  extra  radiation  dose  or  medication,  nor  will  any  of  your 
medication be withheld for the purposes of this study. 
 
If  you  are  unhappy  with  the  level  of  service  provided  to  you  by  the  Nuclear 
Medicine  Department,  you  make  speak  to  any  member  of  staff  who  will  try  to 
resolve the matter.  If, however, you have any complaints about your treatment 
that you feel cannot be resolved by the staff within the department, there is a 
hospital complaints procedure that you can follow.  If you wish to make a formal 
complaint, please contact the Patient Liaison Officer at Glasgow Royal Infirmary: 
 
    Anne Snape 
    Patient Liaison Department 
    Glasgow Royal Infirmary 
    84 Castle Street 
    Glasgow 
    G4 0SF 
    Tel: 0141 211 5112 
    E-mail: Anne.Snape@NorthGlasgow.Scot.NHS.UK 
 
 
Will my part in this study be kept confidential? 
 
All information which is collected about you during the course of the research will 
be kept strictly confidential.  Any information about you which leaves the hospital 
will have your name, address and any other personal details removed so that you 
cannot be recognised from it. 
 
 
What will happen to the results of the research study? 
 
The  results  from  this  study  will  be  published  in  peer-reviewed  journals.    All 
personal information about you will be removed before the results are published so 
that no-one can identify you from the publications. 
 
 
Who is organising and funding the research? 
 
The  research  is  being  organised  by  the  staff  in  the  Department  of  Nuclear 
Medicine,  Glasgow  Royal  Infirmary.    At  present,  no  external  funding  has  been 
secured for the study. 
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Who has reviewed the study? 
 
The  study  has  been  reviewed  by  the  Local  Research  Ethics  Committee  at 
Glasgow Royal Infirmary. 
 
 
Contact for Further Information 
 
If you have any questions about taking part in this study, please do not hesitate to 
contact us by post, telephone or e-mail using the details below: 
 
  Mrs. Jen Dennis 
  Department of Nuclear Medicine 
  Queen Elizabeth Building 
  Glasgow Royal Infirmary 
  16 Alexandra Parade 
  Glasgow 
  G31 2ER 
 
Tel: 0141 211 4762 (Nuclear Medicine Reception) 
 
E-mail: jen.dennis@northglasgow.scot.nhs.uk 
 
 
Thank you very much for taking the time to read this leaflet. Appendix B    274 
Glasgow Royal Infirmary 
Nuclear Medicine Department 
 
 
Study Number: 
Patient Identification Number for this trial: 
 
CONSENT FORM 
 
Title  of  Project:    The  use  of  three-dimensional  nuclear  medicine  images  for 
thyroid and parathyroid disorders. 
 
 
Name of Researcher:  Mrs Jennifer L Dennis 
 
 
 
                  Please initial box 
 
1.  I confirm that I have read and understand the information sheet dated  
      June 2005 (version 1) for the above study and have had the opportunity 
       to ask questions. 
 
2.  I understand that my participation is voluntary and that I am free to      
  withdraw at any time, without giving any reason, without my medical  
  care or legal rights being affected. 
 
3.  I understand that sections of any of my medical notes may be looked      
  at by healthcare professionals where it is relevant to my taking part in  
       this research.  I give permission for these individuals to have access 
       to my records. 
 
4.    I agree to take part in the above study.             
 
 
 
                     
Name of Patient        Date      Signature 
 
       
Name of Person taking consent    Date      Signature 
(if different from researcher) 
 
     
Researcher          Date      Signature 
 
 
1 for patient; 1 for researcher; 1 to be kept with hospital notes 
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